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Results: Y,'hereas pletaiat accumulation and thrombus formation occurred 
rapidly on the surface of the non-coated stem, hapadn coating abolished 
platelet deposition for the full 120 minutes of the shunt studies (p ,: O0001). 
Scanning Electron Microscopy confirmed the absence of thrembus. 
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Conclusions: The Carmeda ® Bioactive Surface hepadn coating signifi- 
cantly i~hibits platelet adhesion to the stainless steel Palmaz-Schatz TM stent 
in the non-anticeagulated baboon A-V shunt model. These studies provide 
further support for the clinical utility of this Heparin Coated Stent with mcluced 
systemic anticoagulation in patients undergoing PTCA. 
~ Neoint ima Formation In Stented Baboon Carotid 
Arteries Is Reduced by Bonded Hepadn:  
Correlat ion With De~reased Thrombogenic l ty  
Nicolas A,E Chronos ~, Keith A. Robinson ~, Andrew B. Kelly s, 
Margaret Yoklavich 4 , Stephen M. Rowland 4, Pailassana N. Narayan 4, 
Laurence A. Harker ~, Stephen R. Hanson 2 . ~ Div. Cardiology, 2 Div. of 
Hematology, 3Dept, of Medicine, Yerkes Primate Center, Emory University, 
Atlanta, GA; 4 Cordis Corporation, Miami Lakes, FL 
Intracemnary stenting significantly reduces mstenosis after balloon angio- 
plasty (BA) (from ~35% to 21%). However ultrasound studies document 
that neointima formation (NF) is increased with stanting compared to BA. 
To test potential in vivo e~cacy of heparin bonding for decreasing NF and 
inhibiting corresponding pletelet thrombosis, we Implanted hepadn coated 
(Cordis HP-HEP) and uncoated (Cordis CCS, control) tantalum stents pair- 
wise by random assignment, into the carotid arteries of baboons. Autolo- 
gous plataiets were m In-labelled and gamma-camera imaging was used to 
quamifate platelet deposition. At 30 d the artedes were harvested and pre- 
pared for histologic moqohometry and scanning electron microscopic (SEM) 
analys/s, 
Results: Platelet recruitment at I and 1,5 h was significantly inhibited by 
hepadn bonding (p < 0o001 by ANOVA). Furthermore them was a significant 
reduction in NF at 30 d by morphometry (Table). Both stent types were 
endothellalized by SEM, and histolngio sections from both displayed vadable 
organized mural thrombosis as wall as modest intiammatory and minimal 
foreign body reactions, 
Luminal area Vessel area Intimal rea Intimal thickness 
(ram 2 ) (ram ~ ) (ram 2 ) (mm) 
HP-HEP 5.82 8.26 1.54" 0.29 
control 5.37 9.41 2.31 0.33 
* < 0,005 compared to control using Mann.Whltney rank sum test 
Conclusions: Hepafin banding reduces initial thrembus deposition and 
~ubseguant NF at the site of arterial elenting. Thus hepadn bonding may be 
useful to further decrease the clinical stant restenosis rate. 
~ Local  Del ivery of  Heparln Prlor to Intracoronary 
Stentlng Reduces Platelet Depoelt lon 
Jean-Francois Tanguay, Kevin R. Kruse, Aaron V. Kaplan, Bdan 
A. Armstrong, Gordon W. Grant, Renu Virmani, Harry R. Phillips, James 
P. Zidar, Duke University Medical Center, Durham, NC 
Late luminal ioss remains a significant problem associated with intracoro- 
nap] stenting. Platelat deposition is pivotal In stent thrombosis and may 
provide a stimulus for neointimal proliferation, The purpose of this study 
was to evaluate the effect of local delivery of heparin on ptatelet hrombus 
formation after stenting and PTCA in a porcine coronary model. Methods: 
Platelets were labeled using indium-Ill oxine, Ten animals were given hep- 
adn to achieve an ACT > 300 seconds. After on-line QCA measurements 
of the RCA and LCx, one segment in each vessel underwent overstretch 20 
mm balloon injury. Each vessel was randomly assigned to local delivery of 
hapadn (100 Units/kg) or saline via the LocaiMed infusion sleeve (infusion 
pressure: 100 psi, balloon support pressure: 2 arm). An 8 mm metallic slotted 
tube stant was then placed in each vessel. Operators were blinded to the 
treatment received. At 2 hcurs, the stent and the adjacent PTCA arterial 
segments were harvested for gamma counting. An injury score was also 
determined. 
Resutta: 
Heparin (n = 10) Saline (n = 10) p 
PTCA Site Ba!loon/Artery Ratio 1.26 4- 0.02 1.27 4- 0.03 NS 
Platslats xl07/c~r~ 8.04 =t: 1.27 8.~,'9 :!: 1.72 0.08 
Stent Site Stent/Artery Ratio 1.20 4- 0.02 1.15 -*- 0.03 NS 
Mea~ Injury Score 1.40 d: 0.11 1.13 ~: 0.04 0.033' 
Plate~918 x 107/c~ 27.6 + 21.1 4g.1 4- 35.2 0.049 • 
~l values are mean :1: standard error; "p W3L,'oxon signed rank 
Conclusions: Local administration of heparin via the infusion sleeve to the 
angioptastied arterial segment pdor to stent placement signifcantiy reduces 
ptetelet hmmbus ~,ormation. This therapy may have implications for patient 
management following stent implantation but clinical ~tudies are needed. 
I "~ '~ Endolumlnal Hydrogel  Polymer I~zyers Provide 
Prolonged Hepa~n Del ivery to Porcine Coronary  
Artery Walls In ~,'?vo 
Marvin J. Slepian 1, Ed Weselcouch 2 Pat Campbell ~, Larry Roth2, 
Stephen P. Massia ~, Mark Kiera~ ~, :~ike Phil~,'oo~ . ~ Univ o) AZ, Tucson, 
AZ; 2 Focal, Lexington, MA 
Current local drag dalive.'y devices, such as porous balloons or coated stents, 
remain limited in their ability to sustain elevated levels of drug in the arterial 
wall following initial successful delivery. We previously demonstrated that 
endoluminal films of d~nse polyester could provide Iong-tsrm (wks-months) 
local artedal wall drug delivery. To provide a means for intermediate-term 
(days-wks) delivery we examined the use of endoluminai hydrngels layem 
(gel pa~ru~ layers) in vivo. In 9 pigs PEG-lactide gel layem (70 p.) containing 
11 mg S-Heaadn were peroutaneously formed on coronary artery (LAD) 
endoluminal surfaces post-PTCA via in situ photo-pelymerizetio,1. At 4 hrs. 
2 and 6 days post-paving, drug levels in LAD walls as well as in skeletal 
muscle (distant organ) were measured. Results: 
4 hr 2 day 6 day 
LADl=~-,dz0ne (peak/~g/g dry wt ) 6.19-=-1.55 2.864-1,12 1.59:E0.52 
LADcus~ (pg/g dry wl) 0.07-~ 0.03 ° 0.03-~- 0.01 * 0.00" 
LAOpox~al (/4g/0 dry wt) 0.184-0.16" 0.25:1: 0,18" 0.(]4)" 
(mean :1: S.D.), *p < 0.02 vs. LADpaved 
At 4 hrs and 2 d, 3% and 0.94%, repectively, of the heparin delivered was 
present in the LAD. At 6 d drag was still detectable in the LAD, with the wail 
retaining 25%° of the heparin initially present at 4 hm. In skeletal muscle, 
the hepadn concentration was < 0.3% of that present in the LAD at all 
time points. Conclusion: Biodegradable PEC-Plactlde hydrogel paving layem 
containing drug effectively provide prolonged, localized, high concentrations 
of drug to coronary arterial wails. Development of t'~is approach may yield 
a versatile clinical method for providing local, intermediate-term, high dose, 
sustained release of pharmacologic agents following angioplesty. 
~ A  Novel Polymeric Local  I-lepadn Delivery Stent: 
Initial Experimental Study 
Runlin Gee, Ruiwon Shi, Shubin Qiao, Laifeng Song, Yongli U, 
Chenglun Tang. C, atdiova~cular Institute & Fu Wai Hospital (Beijing), China; 
Institute of Biomedical Engineadng (Tianjin), CAMS, China 
Biodegradable stent with local drag delivery system will be an ideal device 
for prevention of mstenoels, We developed a novel balloon - -  expandable 
biodegradable stant made from cepolymer of capmlactone (CL) and D,L- 
lastide (I.A), in which hepadn vras reserved inside. The copelymer (poly 
CULA) was synthesized and tailored to have a suitable crystallization rote by 
choosing appropriate ratio of CL and LA. Rime were cast from the solution 
of poly CL/LA. The hepadn powder was evenly put on the film and rolled 
into a tube and haat-set. Thin crevices were engraved on the cylindar-like 
etent~ Hepadn of 250-375 IU was reserved in each stent. Hepadn release 
had been observed In vitro. The atant could wifi'~land collapse pressure of 
300 ~- 700 mmHg in 38 s C. The initial expedmantel study was undergone 
in 7 mini swine carotid artery models. The ,~ent was mounted on a 4.0 
mm PTCA balloon catheter (mini-profile, USCI) and heated at 51 g C for 
1 min. The stent was then inserted rapidly via a 8F JR4 PTCA guiding 
catheter (ID 0.086% Cordis) into a carotid artery within 6 min. The balloon 
was inflated in 10 arm for 1 rain, then deflated and withdrawn. Results: In 
6 of the 7 animals stants were successfully deployed. One animal died of 
rapture of cemtid artery. In 3 animals no etenosis was found by angingraphy 
at 1 month (n = 2) and 2 months (n = 1), only mild neotntimal proliferation 
was seen by light microscope (LM) and endothelialization was observed by 
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scanning electremicrascop~ (SEM). In 2 animals stenosis was detected by 
angiogmpW and significant smooth muscle cell nrelfferatian In neoinflma 
was observed by LM at 2 months. No thrembeals and s~gntfl=;nt reaction 
of foreign body were observed within 2 months. In conclusion, this r, oval 
polymeric stent which also acts as a local hepadn delivery device can be 
esocesSfully deployed lnto carotid after. It may be worthy to further Improve 
tha devtces end ~o stu~ the valus of pmventicn of mstenests. 
~ Pulmaz-Sohat= Stents Coated With NO Donar s 
Reduces Rso¢oluMon When Placed in Pig Carotid 
,eurp,.de~ for =8 Cays 
John D. FO~ t, Nab, Maalej ~, John R Keeney Jr., Joseph Losoalzo, 
University of W~'consin M~l/cal School, C, anlioiogy Section, Madison, Wl; 
Whitaker Cardiovascular Institute, Boston University ~ of MediCine, 
£ics(on, MA 
Metal alema like the Palmas.Schatz slent (PSS) are used after anglol01asty 
to prevent recoil, maintain a large lumen, compress dissections, and thus 
to prevent hrombosis and restenosts. We have previously shown that d;p 
ooating PSS with PSNO-BSA, a polynitrosated albumin NO donor, makes 
them less throml~ogenlc than unocated PSS. The mechanism appears to ha 
by NO release from the coated PSS which raises platelat W¢llc GMP levels 
inhibits plata!at edllealan on the coated PSS. In six pigs a coated PSS 
and an uncoated PSS were placed in the paired carotid arteries. Hepadn 
was given only once to triple the activated aluttlng time (ACT) during PSS 
placement, Aspirin, 5 mg/kg, was given IV pdor to placement, 24 and 48 hours 
later, aJ~ then discontinued. The pigs were followed for 28 days and then 
a~ma were done and the startled arteries examined histOlOgically. In
one of the f'we pigs the uncoiled slant was nearly totally occluded and two 
had a >_ 4(P,o diameter reduction. The six ul~oated stented a~lerios also 
had significant rmoirCdmal hyperplasla Inside the tnternal elastic lamina, with 
adherent thrembus. The six PSNO-BSA arteries with coated stente had larger 
lumens, signflicantiy less neolntimal hyperplaals, and thrembus, The use of 
a PSNO-BSA coating on PSS may help tO reduce the heavy anticeagulalion 
therapy required during and after the prooedure, reduce early thrombosis, 
and may reduce the severity of plate!at mediated neointlmal hypmplasla 
leading to restenosle. 
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Importance of Left Atrial Diastolic Pin.ram-Volume 
Relatlo~b.lp ~ Pulmnap/Venous Row Punems 
In the Evatuatlon of Mltral Regurgltatlon 
Jianhua Zhou, Pie!or M. Vandervoort, James D. Thomas. Cleveland Clinic 
Foundat/cw, C./eve/an~ Oh/o 
Recently analysis of pulmonary venous flow velocities {PVFV) has been used 
to assess ssvedty of mltral regurgitation {MR). Normal forward systolic (S) 
flow becomes blunted and reversed when MR worsens. Previous investtga- 
tiers have shown that PVFV patterns are closely related to left atrial pressure, 
but ~t is not clear yet how the PVFV put!era is determined by parameters of 
LA function, We evaluated the effect of linear vs. exponential left atrial di- 
astolic pressure-vctumo (P-V) relationship on PVFV profiles in the presence 
of different degrees of MR. Mad'teals: A lumped parameter numrical model 
has been developed to simulate transmitrel and pulmonary venous flow. MR 
area of 0.01, 0.4 end 1.0 cm e were used to simulate normal, moderate and 
severe MR. We measured S and D wave amplitude from PVFV profile and 
pressure during left vantricular systele (v) and atrial con!radon (a) from LA 
pressure !raring. Passive pressure.volume data were recorded in an ex rive 
canine left atrium. Results: Measurements from the model output are shown 
for severe MR: 
~lvl' 
S O S/D a v a/v 
, .[~sl .... (~s l  [n~,~l ......... [mmHol 
Norm= eel7 al .~ o:s2 lS.14 lO.OS ..... 1.:~ 
Un. P-V (MR) -11.35 41.38 -0.27 17.12 15.84 1.09 
Exp. P-V (MR) -49,01 53.13 -0.92 15.95 24.69 0.65 , , ,,,,,,,,, 
Data from the canine left atrium fit well !o an exponential curve: p ,, 0.73 
x e o.lsx, r = 0.99. Conclusion: Our study shows that an exponential P-V 
relationship of the LA most closely fits animal and clinical obean/ations. This 
is of partk~ular importance in the interpretations of PVFV patterns In the 
presence of Increasing MR. 
impact of Yenfficular S l~nm sod Atrial _Systolic 
~-onction on Pulmonary venous end Mitral A-waves: 
Numerical Ana~ls 
George Oibawy, Pie!or M. Vandervoort, James D. Thomas. Cleveland Cllnio 
Foundation, C, leVelar~ Ohio 
Clinical observations have indicated a dlrect relationship between pulmonary 
venous atrial reversal (VAR) and mftrel A-wave (VAF) when left ethel systolic 
function Is aftered and an Inverse relationship when left ventricolar end- 
diastolic ~lfness (See) is altered. To better undemland this relationship, a 
numerical model of pulmonary venous flow was Investigated. Methods: We 
developed a ~ numertoa! model of the circulation oons|~ng 
of 24 coupled differential equations imulating all cardlan chambers, valves, 
and systemic and pulmonary vasculatum, Relationships between v^R and v~ 
were studied against changes in atrial stroke volume (LAsv) which indicates 
atrial systor¢ function, and See. Changes in LAev and Sa~ were generated by 
varying left ventflcalar and atrial systolic and diastolic parameters, Results: 
As shown, LAsv correlated with the sum of VAR and VAF (r = 0.905), and See 
correlated with the ratio of V.~ and VAF (r = 0.973). 
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Conclusion: The relationship between VA~ and V^F provides important 
Information on atrial systolic function and van!titular compliance. V^n and 
VAF are easi~ obtained in the clinical situation using Doppler ultrasound and 
will improve the noninvesive assessment of left van!titular diastcitc function. 
~ Efleot of Isoproteronol Induced Flbroals on Left 
Ventrl©ular Functlon In the Isolated Blood 
Perfused Mouse Heart 
Wesley W. Brooks, Chester H. Conrad, John A. Hayes, Cad S. Ape!sin. 
Bast~'t VAMC and Boston University SchooI of Mededne, BoSton IV~ 
We compared LV function in the isolated mouse heart from eleven adult, mole 
Swiss.Webster mice in!acted with Isoproterenol (ISO~x, 100 ~ ,  so) 
for 5 daYS to e~ht age-matched controls (CENT). LV diastOliC and systolic 
pressures (DP, SP; mm Hg) were measured in the Isovelumic (balloon in the 
LV) Langendorif preparation, Hearts were parfused at constant pressure 
80 mm Hg with oxygenated Kmbe-Henselelt solution at 370 C with a 20% 
hematocrit of cow red blood cells. Changes in LVEDP and SP to increasing 
balloon volume ware compared in the baseline state and in response to 
treppe at constant balloon volume (15/d). Hearts were then fixed, cross- 
sections stained with trichrome and the % LV fibrosis quantified. Data are 
Mean =t: SEM. 
% Rbrosis ....... Baseline .....
CC)NT 3±1 DP ...... 7~:2 
SP 118d:4 
ISORx 18:t:3' DP 13 :t=2 • 
SP 125± 10 
• p < 0.0S iSORx vS. CONTROL ........... 
5Hz 7Hz 9Hz 
7d:2 e~2 t5±i  
87±6 55~=5 30-~-3 
13±2 18:~4 19.-1= 2
95±9 66±9 45-1-7 
I$O~ induced a marked increase In LV fibrosis and shifted LVEDP upward 
in the bass!Ins state. ISORx part!sly amelicrated the decrease in SP with 
treppe while LVEDP further increased in beth groups. Thus, the in vitro 
mouse heart provides a useful model to further elucidate the influence of 
~-edrenergic allmulaflon on LV structure and functional changes in wild.type 
and genetically altered mice. 
